DIFFERENTIAL AMPLITUDE DETECTION DIVERSITY RECEIVER EMPLOYING 
MRC AND A METHOD OF RECEIVING SIGNALS USING THE SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a diversity receiver and, more particularly, to a 
differential amplitude detection diversity receiver employing Maximal Ratio Combining (MRC) 
and a method of receiving signals using the same, which calculates the distances, between the 
amplitude ratios of signals received at each antenna and each amplitude candidate value, and 
multiplies the distances by the amplitudes of signals currently received at each antenna. 

Background of the Related Art 

[0002] In the field of next generation mobile communication technology, high efficiency 
modulation technologies, e.g. Quadrature Amplitude Modulation (QAM), Differential Amplitude 
Phase Shift Keying (DAPSK), are used to increase the data transmission rate in a limited 
frequency band. 

[0003] QAM, employing the coherent demodulation techniques, has difficulties in 
estimating the exact amplitude and phase of signal at receiving part, and still more in employing 
coherent demodulation techniques in circumstances where signal fading is rapid. 

[0004] DAPSK, employing differential detection method to overcome the defects of the 
coherent demodulation method, increases the band efficiency by detecting the amplitude of 
signal as well as the phase of signal, while DPSK only detects the phase of signal. 
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[0005] In general, in the field of next generation mobile communication technology, 
various methods for overcoming the fading phenomenon of transmission signal have been 
suggested and diversity receiver has been deemed as the most efficient means to solve this 
problem. 

[0006] Diversity receiver, using the method of composing the signals transmitted from 
transmitting part and received at a majority of antennas, can be classified as the one using Equal 
Gain Combining (EGC) method, the one using Maximal Ratio Combining (MRC) method, etc. 
according to the method of composing the received signals. 

[0007] Generally, diversity receivers employing coherent detecting method have been 
suggested. However, diversity receivers employing differential detecting method can be found 
in several cases. Most of diversity receivers employing differential detecting method employ 
post detecting method detecting phase and amplitude of composed signals after composing 
signals received through a majority of antennas. 

[0008] The DAPSK post detection diversity receiver, researched and made public till 
now, uses the EGC method, which linearly sums up all the amplitude ratio and the difference of 
phase and uses the result as the decision variables. In particular, amplitude decision variable 
Y(nT) is determined from following equation 1 : 

[Equation 1] 



Y(n1) = 




[0009] Where L means the number of antennas, T means sampling period, and Z/(nT) 
means sampling signal. 
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[0010] The EGC method detects the amplitude by selecting amplitude candidate value 

( ^ m , m=l,...,M) the closest to the amplitude decision variable Y(nT) from the amplitude 
candidate values and presupposes every interest value of all decision variables as 1 without 
considering the magnitude of the received signals proportional to S/N. Accordingly, the EGC 
method has a problem in that performance is worse than performance of the MRC method 
adding an extra weight to the more reliable signals by multiplying decision variables by the 
interest values proportional to the magnitude of the input signals. 



SUMMARY OF THE INVENTION 

[0011] The present invention is to solve the above problems and the object of the present 
invention is to implement differential amplitude detection diversity receiver employing MRC 
method by calculating the distances, between the amplitude ratios of signals received at each 
antenna and each amplitude candidate value, and by multiplying the distances by the amplitudes 
of signals currently received at each antenna. 

[0012] In order to achieve at least the above object, in whole or in parts, there is 
provided a differential amplitude detection diversity receiver employing MRC method, 
including: a majority of decision variable calculating sections for computing amplitude decision 
variables by multiplying the distances between the amplitude ratios of signals received at each 
antenna and each amplitude candidate value by the amplitudes of signals currently received at 
each antenna; and amplitude decision section for composing the computed amplitude decision 
variables and determining the amplitude of the received signal by selecting amplitude candidate 
value corresponding to a certain composed amplitude decision variable from the composed 
amplitude decision variables. 
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[0013] In addition, the decision variable calculating section includes: a majority of 
Differential Amplitude Calculators (DAC) calculating the amplitude ratios between the 
amplitudes of the signal received at the (n)th sampling period and (n-l)th sampling period 
(where n is integer); and a majority of Amplitude Hypothesis Calculators (AHC) computing the 
amplitude decision variables of the received signal by calculating the distances, between the 
amplitude ratios of signals received at each antenna calculated at the DAC and each amplitude 
candidate value, and by multiplying the distances by the amplitudes of signals received at the 
(n)th sampling period. 

[0014] In addition, the amplitude decision section includes: Amplitude Combiner (AC) 
composing the amplitude decision variables of each antenna, computed by the decision variable 
calculating section, according to the amplitude candidate values; and Amplitude Detector (AD) 
determining the amplitude of the received signal by selecting amplitude candidate value 
corresponding to the composed amplitude decision variable, whose magnitude is the minimum 
among the composed amplitude decision variables. 

[0015] Differently, in order to achieve at least the above object, in whole or in parts, 
there is provided a method of receiving signals using a differential amplitude detection diversity 
receiver employing MRC method, including: computing amplitude decision variables by 
multiplying the distances between the amplitude ratios of signals received at each antenna and 
each amplitude candidate value by the amplitudes of signals currently received at each antenna; 
composing the amplitude decision variables of each antenna according to the amplitude 
candidate values; and determining the amplitude of the received signal by selecting amplitude 
candidate value corresponding to the composed amplitude decision variable, whose magnitude is 
the minimum among the composed amplitude decision variables. 
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[0016] Preferably, said computing amplitude decision variables includes: calculating the 
amplitude ratios between the amplitudes of the signal received at the (n)th sampling period and 
(n-l)th sampling period (where n is integer); calculating the distances between the amplitude 
ratios of signals received at each antenna and each amplitude candidate value; and computing the 
amplitude decision variables of the received signal by multiplying the distances by the 
amplitudes of signals received at the (n)th sampling period. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] Figure 1 is a schematic view showing the differential amplitude detection 

diversity receiver employing MRC according to a preferred embodiment of the present invention. 
[0018] Figure 2 is a flowchart illustrating operations of differential amplitude detection 

diversity receiver employing MRC according to the preferred embodiment of the present 

invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0019] Hereinafter, the preferred embodiment of the present invention will be described 
in detail with reference to attached drawings. 

[0020] Differential amplitude detection diversity receiver employing MRC according to 
a preferred embodiment of the present invention, as shown in Fig. 1, includes: a majority of 
matched filters 10 filtering signals received through a majority of antennas; a majority of 
samplers 20 converting the received analog signals into digital signals every certain period T; a 
majority of decision variable calculating sections 30 computing amplitude decision variables 
determining the amplitude of the received signal; and amplitude decision section 40 composing 
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the computed amplitude decision variables and determining the amplitude of the signal by 
selecting the most appropriate amplitude candidate value. 

[0021] The decision variable calculating section 30 includes DAC 31 calculating the 
amplitude ratios of the received signals; and AHC 32 computing the amplitude decision variables 
of the received signal by calculating the distances, between the amplitude ratios of signals 
received at each antenna calculated at the DAC and each amplitude candidate value, and by 
multiplying the distances by the amplitudes of signals received at the (n)th sampling period. 

[0022] The amplitude decision section 40 includes AC 41 composing the amplitude 
decision variables computed by the decision variable calculating section 30; and AD 42 
determining the amplitude of the received signal by selecting amplitude candidate value 
corresponding to the composed amplitude decision variable, whose magnitude is the minimum 
among the composed amplitude decision variables. 

[0023] Operations of the above-mentioned differential amplitude detection diversity 
receiver will be described in detail with reference to Figure 2. 

[0024] Matched filter 10 restricts signals received through L antenna 

( RfflJ- 1,2,3,. ..,L) to a p rescr rt) e( i bandwidth and outputs signals having maximized S/N. 

( 7 (t} 1= 1 2 3 L} 

Output of the matched signal v lK h j j s determined from following equation 2 

[0025] [equation 2] 

z f (0= Q R t(t)G(T-i)dt 

[0026] Where G(t) is filter function. 

[0027] Received signal that passed through the matched filter 10 is inputted into the 
sampler 20. The sampler 20 extracts digital symbol from output of the matched filter 10, 
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every symbol period T and outputs the digital symbol to DAC 31 (S21). Then, DAC 31 
calculates the amplitude ratios between amplitudes of the digital symbol extracted at a certain 
symbol period (nT) and at the previous symbol period ((n-l)T), and outputs the amplitude ratios 
(S22). 

[0028] In other words, DAC 31 calculates the amplitude ratio ' between the 

digital symbols ^ Z ,(nT),n=-\,2,?>, ...,N) extracted at ( n ) tn sym b 0 l period and the digital 
symbols ^ Z/(("-i)r)>n = i>2,3,...,A0 extractec [ a t (n-l)th symbol period. The amplitude ratio 

1 is determined from the following equation 3. 

[equation 3] 

\Z,(nT)\ 

X,(nT)= 

[0029] When output of the DAC 31 is inputted into AHC 32, the AHC 32 calculates the 

distances between the amplitude ratio ^ ^ and the M amplitude candidate values ( ^ m , 

m=l,..., M) (S23) and computes M amplitude decision variables Y ^ nT ^ by multiplying the 
distances by the amplitude of signals currently received at each antenna (S24). 

[0030] In other words, the AHC 32 calculates the distances between the amplitude ratio 

X i( n T) of the rece i ve d signals and the M amplitude candidate values ^ m , where M is the 
number of the amplitude candidate values ^ m . The reason the AHC 32 calculates the 
distances between the amplitude ratios 1 of the received signals and each amplitude 
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candidate value ^ m is because it has a good possibility that the amplitude candidate value 
^ m , when the distance is the minimum, may be the exact amplitude of the signal. 

[0031] Then, the AHC 32 produces M amplitude decision variables Y ^ nT ^ by 

(ft T} 

multiplying the distances between the amplitude ratio 1 and the M amplitude 

candidate values ^ m by the amplitudes of signals currently received at the antenna and outputs 

M amplitude decision variables Y i( n ^ . The amplitude decision variables Y ^ nT ^ are 
determined from following equation 4. 

[equation 4] 

y ( (»i)=|z / (»r ) |[x ( («D-pj 2 

[0032] Finally, AC 41 composes the amplitude decision variables, produced by L AHC 
32 (where L is the number of AHC), according to the amplitude candidate values (S25) and AD 

42 determines the amplitude of the received signal by selecting amplitude candidate value ^ m 
corresponding to the composed amplitude decision variable, whose magnitude is the minimum 
among M composed amplitude decision variables Pm(nT). 

[0033] The present invention, which calculates the distances between the amplitude 
ratios of the received signal and each amplitude candidate value and multiplies the distances by 
the amplitudes of signal currently received at each antenna, adds an extra weight to the more 
reliable signal, thus, the efficiency of the differential amplitude detection diversity receiver may 
be increased. 
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[0034] The forgoing embodiment is merely exemplary and is not to be construed as 
limiting the present invention. The present teachings can be readily applied to other types of 
apparatuses. The description of the present invention is intended to be illustrative, and not to 
limit the scope of the claims. Many alternatives, modifications, and variations will be apparent 
to those skilled in the art. 
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